Previous studies have illustrated that bone marrow-derived mesenchymal stem cell (BMMSC) transplantation has therapeutic effects on diabetes and can prevent mice from renal damage and diabetic nephropathy (DN). Moreover, adipose-derived MSCs possess similar characteristics to BMMSCs. We investigated the effect of ADMSC transplantation on streptozotocin (STZ)-induced renal injury. Diabetes was induced in rats by STZ injection. After ADMSC treatment, renal histological changes and cell apoptosis were evaluated as were the expression of apoptosis-related proteins, Wnt/β-catenin pathway members, and klotho levels. We found that ADMSCs improved renal histological changes. Next, NRK-52E cells were exposed to normal glucose (NG; 5.5 mM glucose plus 24.5 mM mannitol)/high glucose (HG) or ADMSCs, and then measured for changes in the aforementioned proteins. Similarly, changes in these proteins were also determined following transient transfection of klotho siRNA. We found that both ADMSC transplantation and co-incubation reduced the rate of cellular apoptosis, decreased Bax and Wnt/β-catenin levels, and elevated Bcl-2 and klotho levels. Interestingly, klotho knockdown reversed the effects of ADMSCs on the expression of apoptosis-related proteins and Wnt/β-catenin pathway members. Taken together, ADMSCs transplantation might attenuate renal injury in DN via activating klotho and inhibiting the Wnt/β-catenin pathway. This study may provide evidence for the treatment of DN using ADMSCs. (J Histochem Cytochem 63:842-853, 2015) 
Introduction
Diabetic nephropathy (DN) is one of the most common complications of diabetes and the leading cause of endstage renal disease (ESRD). It is characterized by tubulointerstitial fibrosis, microalbuminuria, thickened glomerular and tubular basement membranes, and renal inflammation (Abe et al. 2011; Dronavalli et al. 2008; Hovind et al. 2001) . DN affects approximately one third of people who suffer with type 1 or type 2 diabetes (Gross et al. 2005) . Numerous studies have shown that oxidative stress, inflammatory responses, renal hemodynamic changes and metabolic abnormalities may contribute to the occurrence and development of DN (Brownlee 2001; Burke et al. 2014; Duran-Salgado and Rubio-Guerra 2014; Forbes et al. 2008; Kume et al. 2014) . However, the exact pathogenesis of DN has not yet been completely elucidated.
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Mesenchymal stem cells (MSCs) are a group of cells that have the differentiative and proliferative potentials (Amable et al. 2014) . MSCs can be isolated from multiple sources, including adipose tissue, bone marrow and other tissues (Montespan et al. 2014) . MSCs have been reported to alleviate hyperglycemia, suppress oxidative stress and improve renal histopathological changes in diabetic rats with DN (Lv et al. 2014) . Previous studies have illustrated that transplantation of BMMSCs has therapeutic effects on diabetes and can prevent mice from renal damage and DN (Ezquer et al. 2008) . Adipose-derived MSCs (ADMSCs) are multipotent stem cells (Efimenko et al. 2011 ) and possess similar characteristics to BMMSCs (Schaffler and Buchler 2007) . Accumulated reports have shown therapeutic efficacy of ADMSCs in the treatment of diabetic retinopathy (Yang et al. 2010) . Moreover, we previously demonstrated that autologous transplantation of ADMSCs improves diabetesinduced metabolic abnormalities and renal injury, inhibits oxidative stress, and reduces pro-inflammatory cytokine release in a rat model of streptozotocin (STZ)-induced DN (Fang et al. 2012) . Additionally, renal tubular injury (Xiao et al. 2014 ) and apoptosis of tubular epithelial cells (Sato et al. 2010) can be observed in diabetic rats.
α-Klotho is a transmembrane protein reported to be highly expressed in normal kidney (Lee et al. 2014) . A report has found that the expression of α-klotho in kidney is significantly lowered in patients with DN, and α-klotho exerts protective effects on the function and structure of kidneys. Klotho deficiency, remarkably, aggravates the progression of DN (Lin et al. 2013) . Other evidence has shown that BMMSC transplantation upregulates klotho expression in numerous organs of adult immunocompromised mice (Yamaza et al. 2009 ). However, the effect of ADMSCs on klotho remains unknown.
Based on the above findings, we hypothesized that ADMSC transplantation might ameliorate STZ-induced DN, and we therefore further explored the associated underlying molecular mechanisms.
Materials & Methods

Animals
Male Sprague-Dawley (SD) rats, weighting 200-250 g at 8 weeks of age, were purchased from Charles River (Beijing, China). The rats were kept in cages under 12 hr light/dark cycles and had access to standard diet and water ad libitum throughout the whole experiment. All of the animal experiments were performed following the Guide for the Care and Use of Laboratory Animals of China Medical University. This study was approved by the Institutional Animal Care and Use Committee at China Medical University.
The rats were randomly divided into four groups. (i) The control group (n=8), where the rats were intraperitoneally administrated with a volume of sodium citrate buffer (0.01 M, pH 4.5) equal to volumes used in the other groups. (ii) The DN group (n=8), where rats were intraperitoneally injected with 40 mg/kg streptozotocin (STZ; SigmaAldrich, St. Louis, MO) in sodium citrate buffer for five consecutive days. Two weeks after STZ injection, the rats with glucose concentrations greater than 300 mg/dl were recruited in this study. (iii) The ADMSCs group (n=8), where the rats were administrated with 1×10 7 ADMSCs via tail-vein injection 4 weeks after STZ injection. (iv) The vehicle group (n=8), where the STZ-induced DN rats received an equal volume of culture medium as those volumes used in the other groups. After 8 weeks of treatment, the animals were sacrificed, and blood samples and kidneys were obtained for further analyses.
Isolation and Identification of ADMSCs
Adipose tissues were obtained and washed with sterile Hank's balanced salt solution. The tissues were cut into pieces (0.5 mm 3 ) using scissors and digested with type I collagenase (2 mg/ml; Biosharp, Hefei, China) at 37°C for 40 min. After digestion, the cell suspension was centrifuged for 5 min at 1000 rpm. Then, the cell pellet was harvested, re-suspended in culture medium containing serum, and filtered through a 100-μm nylon mesh filter to remove undigested sections. After centrifugation, the cell pellet was re-suspended in 2 ml DMEM containing 10% FBS. Isolated ADMSCs were counted and then seeded into 6-well plates at a density of 1×10 5 cells/ml for culture. The cells were digested and incubated for 30 min on ice with anti-CD13 (BioLegend; San Diego, CA), anti-CD45 (BD Biosciences; San Jose, CA) and anti-CD90 antibodies (Invitrogen, Life Technologies; Carlsbad, CA), and then incubated with FITC-conjugated secondary antibodies. Finally, ADMSCs were analyzed by flow cytometry (C6; BD Biosciences). The experiment was repeated at least three times.
Histological Examination
The kidneys were removed, fixed in 4% paraformaldehyde, embedded in paraffin and then cut into 5-μm sections. Then, the sections were deparaffinized, hydrated, and stained with hematoxylin and eosin (HE) or periodic acid-Schiff (PAS). Renal injury and morphological changes were observed under a microscope (DP73; Olympus, Tokyo, Japan). The experiment was repeated five times. Semi-quantitative scoring of renal injury was performed according to the extent of glomerular changes and tubular dilation as follows: 0, absent; 1, mild; 2, moderate; and 3, severe (OrtizMunoz et al. 2010) .
TUNEL Assay
A TUNEL assay was carried out using the In Situ Cell Death Detection Kit (Roche Applied Sciences; Shanghai, China) according to the manufacturer's instructions. Briefly, sections were cut from paraffin-embedded renal tissues, treated with 0.1% Triton X-100 (Beyotime Institute of Biotechnology; Haimen, China) for 8 min at room temperature, blocked with 3% H 2 O 2 , and then placed in working solution (10% enzyme solution and 90% label solution) for 1 hr at 37°C. Diaminobenzidine (DAB; Solarbio, Beijing, China) substrate was added, and the apoptotic cells were observed under a microscope (DP73; Olympus).
Immunohistochemistry (IHC)
Renal tissue sections were blocked with 3% H 2 O 2 and normal goat serum (Solarbio) and incubated with klotho antibody (1:100; Bioss, Beijing, China) at 4°C overnight, followed by incubation with biotinylated goat anti-rabbit secondary antibody (1:200; Beyotime Institute of Biotechnology) and HRP-conjugated avidin (1:200; Beyotime Institute of Biotechnology). After three washes with PBS, the sections were treated with diaminobenzidine (DAB) solution. The slides were then counterstained with hematoxylin (Solarbio) and photographed (DP73; Olympus).
ELISA
Klotho levels in serum were detected using an ELISA kit (Wanleibio; Shenyang, China) according to the manufacturer's instructions. The absorbance was measured using a model ELX-800 microplate reader (Bio-Tek; Winooski, VT) at 450 nm.
Cell Culture and Treatment
The rat renal tubular epithelial cell line NRK-52E was purchased from Shanghai Institute of Biological Sciences, Chinese Academy of Sciences (Shanghai, China) and cultured in DMEM (Gibco, Invitrogen) containing 10% FBS (HyClone, Thermo Scientific; Wilmington, DE) at 37°C in a 5% CO 2 atmosphere. NRK-52E cells were plated in 24-well plates. After reaching 90% confluence, the cells were stimulated with normal glucose (NG; 5.5 mM glucose plus 24.5 mM mannitol) or high glucose (HG; 30 mM) for 12 hr. Meanwhile, ADMSCs were seeded into the upper chamber of a Transwell chamber at a density of 1×10 5 cells/ml and cultured for 12 hr. The upper chamber was then placed on 6-well plate that contained NRK-52E cells. After co-culturing for 24 hr, NRK-52E cells were harvested for further analyses.
Annexin V-FITC/Propidium Iodide (PI) Assay
After 24 hr of co-culture, the apoptosis rates of NRK-52E cells in each group were measured using Annexin V-FITC/ PI apoptosis detection kit (KeyGEN Biotech; Nanjing, China) according to the manufacturer's instructions. In brief, NRK-52E cells in each group were harvested and washed twice with PBS. The cells were then re-suspended in 500 μl binding buffer. Equal parts of Annexin V-FITC (5 μl) and PI (5 μl) were added into the cell suspension. After incubation in the dark for 15 min at room temperature, the samples were detected by flow cytometry (C6; BD Biosciences).
Quantitative Real-Time PCR
Total RNA was isolated from renal tissue or from co-cultured NRK-52E cells using RNAsimple total RNA kit (Tiangen Biotech; Beijing, China) in accordance with the manufacturer's instructions. Reverse-Transcription PCR (RT-PCR) was performed to synthesize cDNA using the Super M-MLV reverse transcriptase (Bio-Teke; Beijing, China). Real-time PCR was carried out on an Exicycler TM 96 quantitative fluorescence analyzer (Bioneer; Daejeon, Korea). The cycling conditions were: 95°C for 10 min followed by 40 cycles of 95°C for 10 s, 60°C for 20 s, and 72°C for 30 s. The primer sequences used were: Bax-F, 5'-GTGGTTGCCCTCTTCTACTTTGC-3', Bax-R, 5'-CT CACGGAGGAAGTCCAGTGTCC-3'; Bcl-2-F, 5'-ATGC GACCTCTGTTTGATTTCTC-3', Bcl-2-R, 5'-AACTTTG TTTCATGGTCCATCCT-3'; klotho-F, 5'-CCTCCTTTA CCTGAGAACCA-3', klotho-R, 5'-GCACATCCCACAG ATAGACA-3'; β-actin-F, 5'-GGAGATTACTGCCCTGG CTCCTAGC-3', β-actin-R, 5'-GGCCGGACTCATCG TACTCCTGCTT-3'. The relative expression levels of these genes were calculated using the 2 -ΔΔCt formula (Livak and Schmittgen 2001) and normalized to β-actin levels.
siRNA Transfection NRK-52E cells were seeded into the wells of 6-well plates. When reaching 70% to 80% confluence, the cells were transfected with klotho siRNA or control siRNA (75 pM) using Lipofectamine 2000 (Invitrogen). Target protein silencing was measured by western blot at 48 hr post transfection. β-actin served as an internal control.
After transfection, the cells were stimulated with HG for 12 hr and then co-cultured with ADMSCs for 24 hr. NRK-52E cells were harvested, and the expression levels of Bax, Bcl-2, Wnt1, Wnt3a, Snail and active-β-catenin were measured by western blot.
Western Blot
Renal tissues and co-cultured NRK-52E cells that had been transfected with/without siRNA were treated with RIPA lysis buffer for protein extraction (Beyotime Institute of Biotechnology). Protein concentrations were determined using the BCA assay (Beyotime Institute of Biotechnology).
Proteins (40 μg) were subjected to sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) and then transferred onto PVDF membranes (Millipore, Bedford, MA). The membranes were blocked with 5% non-fat milk and incubated overnight with primary antibodies against Bax (1:1000; Boster, Wuhan, China), Bcl-2 (1:1000; Boster), Klotho (1:500; Bioss), Wnt1 (1:500; Bioss), Wnt3a (1:1000; Boster), Snail (1:1000; Bioss) and active-β-catenin (1:1000; Millipore) at 4°C. Subsequently, the membranes were incubated with horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG (1:5000; Beyotime Institute of Biotechnology) at 37°C for 45 min. Finally, the protein bands were visualized using enhanced chemiluminescence (ECL; Wanleibio) reagents and quantified using Gel-ProAnalyzer software (Media Cybernetics, Bethesda, MD, USA). β-actin was used as an internal control.
Statistical Analysis
Data are expressed as the mean ± SD. The differences were analyzed by one-way ANOVA followed by Bonferroni post-hoc test using GraphPad Prism 5 (GraphPad Software Inc., San Diego, CA). P<0.05 was considered statistically significant.
Results
Surface Marker Expression of ADMSCs
ADMSCs were analyzed for the expression of surface markers. Flow cytometry analysis showed that ADMSCs expressed high levels of CD90, but lacked CD13 and CD45 (Fig. 1A) . The results showed that CD90 + cells contributed the highest population of stem cells, which is in line with a recent study (Jin et al. 2013) . ADMSCs displayed spindle-shaped morphological features in the Petri dish (Fig. 1B) .
Histological Examination of Kidneys
To assess the effects of ADMSCs on STZ-induced renal injury in DN rats, the kidneys were excised from the rats at the end of the experiments and histological examination was performed using HE and PAS staining. As shown in Figs. 2 and 3A , the control rats showed normal glomerular and tubular structures. Histological changes were observed in DN and vehicle rats, including tubulointerstitial lesions (inflammatory cell infiltration and tubular dilatation) and glomerular hypertrophy. However, ADMSC transplantation significantly improved each of these pathological abnormalities. Semi-quantitative scoring of renal tissues confirmed these observations ( Fig. 3B and 3C, p<0.01).
ADMSC Transplantation Inhibits Renal Cell Apoptosis in Rats
To study whether STZ-induced renal injury was correlated with renal cell apoptosis, paraffin-embedded renal tissues were cut into sections and TUNEL assay was performed. The apoptosis rate in the vehicle group was increased in comparison with the control group (p<0.01) and decreased after ADMSC transplantation (p<0.01; Fig. 4A ). To further examine the effects of ADMSCs on apoptosis-related protein expression, we then measured Bax and Bcl-2 levels in renal tissues. Real-time PCR results showed that the mRNA level of Bax was upregulated and Bcl-2 downregulated in the vehicle group as compared with those levels in the control group (p<0.01; Fig. 4B ). However, treatment with ADMSCs remarkably restored Bax (p<0.05) and Bcl-2 (p<0.01) expression to that of normal levels; these findings were further confirmed by western blot analysis (p<0.01; Fig. 4C ).
ADMSC Transplantation Promotes Renal Expression of Klotho and Inhibits Wnt/β-catenin Signaling Pathway in STZ-induced DN Rats
In order to investigate the effect of ADMSCs on klotho and the Wnt/β-catenin signaling pathway, we measured klotho, Wnt1, Wnt3a, Snail and active-β-catenin expression levels in vivo. Compared with the control group, klotho expression levels in serum and renal tissues were significantly lowered in the vehicle group (p<0.01; Fig. 5A-5D) . Interestingly, the decreased klotho levels were elevated following ADMSC transplantation (p<0.01). As shown in Fig.  5D , Wnt1, Wnt3a, Snail and active-β-catenin levels were significantly elevated in renal tissues of the vehicle-treated rats as compared with the control rats (p<0.01). After ADMSCs treatment, these proteins levels were lowered (Wnt1, Snail and active-β-catenin, p<0.01; Wnt3a, p<0.05).
Co-cultured with ADMSCs Inhibited High Glucose (HG)-induced NRK-52E Cell Apoptosis
We further evaluated the impact of ADMSC transplantation on cell apoptosis in NRK-52E cells. We found that HG stimulation significantly increased the apoptosis rate Figure 2 . HE staining. Rats (8 rats in each group) were sacrificed after 8 weeks of ADMSC treatment and the kidneys were removed. The renal tissue was embedded, cut into 5-μm sections, stained with HE and examined under a microscope. Scale, 100 μm.
of NRK-52E cells (Fig. 6A, p<0 .01) and this effect was not induced by the hyperosmolarity of HG, as determined by Annexin V-FITC/PI assay. However, when co-cultured with ADMSCs, NRK-52E cells showed a markedly inhibited rate of apoptosis (p<0.01). Compared with the NG+NRK-52E group, HG caused significant increases in the mRNA (Fig. 6B; p<0 .01) and protein ( Fig. 6C; p<0.01 ) levels of Bax in the HG+NRK-52E group, along with decreases in Bcl-2 levels (p<0.01). However, ADMSCs significantly reduced Bax levels (mRNA, p<0.05; protein, p<0.01) and elevated Bcl-2 levels (mRNA and protein, P<0.01).
ADMSCs Promoted Klotho Expression and Inhibited Wnt/β-catenin Signaling Pathway in NRK-52E Cells
We next examined the effects of ADMSCs on klotho expression and Wnt/β-catenin signaling pathway in vitro. Compared with the NG+NRK-52E group, klotho protein expression in the HG+NRK-52E group was significantly lowered ( Fig. 7A; p<0.01) . However, klotho expression was significantly higher in the HG+NRK-52E+ADMSCs group than in the HG+NRK-52E group (p<0.01). Similar results were observed when we measured klotho mRNA levels by ## p<0.01, compared with the control group; **p<0.01, compared with the vehicle group. Scale, 50 μm. Fig. 7B; p<0.01 ). HG exposure remarkably elevated the levels of Wnt1, Wnt3a, Snail and active-β-catenin in NRK-52E cells (p<0.01), which was not due to the hyperosmolarity of HG. As expected, ADMSC treatment significantly blocked HG-induced upregulation of these proteins (p<0.01).
real-time PCR (
Klotho Knockdown Could Activate the Wnt/β-catenin Pathway and Induce Apoptosis in NRK-52E Cells
To determine the roles of klotho and the Wnt/β-catenin pathway in the apoptosis of NRK-52E cells, we knocked down klotho expression using klotho siRNA. As shown in Fig. 7C , western blot analysis confirmed that klotho was dramatically reduced after siRNA transfection (p<0.01). Klotho knockdown upregulated the protein expression of Bax when compared with the HG+NRK-52E+control siRNA+ADMSCs group (Fig. 7D, p<0.01 ), whereas downregulated Bcl-2 expression (p<0.01). Meanwhile, the levels of Wnt1, Wnt3a, Snail and active-β-catenin (all p<0.01) were greatly increased after klotho siRNA transfection.
Discussion
MSCs were first discovered and isolated from bone marrow by A. J. Friedenstein in the 1960s (Wong 2011) . In actuality, MSCs can be found in various tissues and organs throughout the body, including adipose tissue, kidney, bone marrow, lung, spleen, brain and liver (Lai et al. 2015) . ADMSCs and BMMSCs share similar characteristics regarding morphology and immune phenotype (Kern et al. 2006) . ADMSCs are able to differentiate into several cell lineages of mesodermal origin, including adipocytes, chondrocytes and osteoblasts. Due to their properties of self-renewal and differentiation into different cell types, MSCs have been widely applied in clinical research for the treatment of ## p<0.01, compared with the control group; *p<0.05 and **p<0.01, compared with the vehicle group. Scale, 50 μm. numerous diseases (de Girolamo et al. 2013) . Our previous study demonstrated that ADMSCs autologous transplantation protects the rats against DN by suppressing oxidative stress, the release of pro-inflammatory cytokines, and the p38 MAPK pathway (Fang et al. 2012) . However, the therapeutic effects and the mechanisms of ADMSC implantation in STZ-induced DN needed further investigation.
In the present study, we investigated the protective effects of ADMSC transplantation in STZ-induced renal injury and renal tissue cell apoptosis in DN rats and we further discussed its possible mechanisms. We found that ADMSC treatment improved histological changes in kidney, decreased the apoptosis rate and the expression of Wnt/β-catenin, and upregulated klotho expression. Interestingly, knockdown of klotho using siRNA reversed the inhibitory effects of ADMSCs on Bax and Wnt/β-catenin pathway members.
Apoptosis plays a vital role in the development and homeostasis of tissues (Harada et al. 2004) . It is regulated by two major pathways, namely the death receptor pathway and Western blot analysis of klotho, Wnt1, Wnt3a, Snail and β-catenin expression in renal tissues. β-actin was used as an internal control. The intensities of the bands for these proteins were quantified. The relative expression of all controls was set to 1, and the values within the data set were compared to the respective controls. Data shown are the mean ± SD, n=5.
## p<0.01, compared with the control group; *p<0.05 and **p<0.01, compared with the vehicle group. Scale, 50 μm.
the mitochondrial pathway (Jin and El-Deiry 2005) . Bcl-2 family proteins are key regulators of cell apoptosis in the mitochondrial pathway (Hardwick and Soane 2013) . Bcl-2 is an anti-apoptotic protein and it can prevent the release of cytochrome c from the mitochondria into the cytosol (Makpol et al. 2012) . In contrast, Bax, which also belongs to Bcl-2 family, is identified as an inhibitory binding protein of Bcl-2 and exerts pro-apoptotic effects (Oltvai et al. 1993) . A previous study has reported upregulation of the pro-apoptotic protein Bax and the downregulation of anti-apoptotic protein Bcl-2 in STZ-induced diabetic rats (Pal et al. 2014) .
Klotho is a gene correlated with aging and mainly expressed in kidneys (Lee et al. 2014; Nabeshima et al. 2014) . Klotho can be used as an indicator of the progression of renal disease and extra renal complications (Hu et al. 2012) . It has been found that klotho expression level decreases in DN in humans and mice (Asai et al. 2012) . Moreover, klotho deficiency can promote the development and exacerbation of DN in mice. However, upregulated klotho expression exerts renoprotective effects against renal disease and complications in chronic kidney disease (Hu et al. 2012) . In the present study, we found an increase in the rate of cell apoptosis and a decrease in klotho expression in renal tissues of DN rats and HG-stimulated NRK-52E cells; we also saw an upregulation in Bax expression and a downregulation in Bcl-2 expression. Our results are thus consistent with previous findings (Asai et al. 2012; Pal et al. 2014) . As expected, ADMSC treatment markedly inhibited apoptosis of renal tissue cells and NRK-52E cells, and ADMSC transplantation upregulated klotho expression both in renal tissues of DN rats and in NRK-52E cells exposed to HG. However, Bax and Bcl-2 expressions were reversed by klotho siRNA transfection. These results suggest that ADMSCs may suppress cell apoptosis through elevating klotho expression in DN.
Earlier reports have demonstrated that klotho physically binds to multiple Wnt ligands, including Wnt1, Wnt3a, Wnt4 and Wnt7a, and serves as an endogenous antagonist of Wnt/β-catenin signaling. Furthermore, klotho is negatively correlated with the expression of Wnt/β-catenin signaling (Liu et al. 2007; Zhou et al. 2013) . Evidence also shows that activated Wnt/β-catenin signaling protects the cells against cellular damage, whereas aberrant activation of the Wnt/β-catenin pathway may lead to adverse effects and the development of DN, suggesting that Wnt/β-catenin plays a dual role in cell proliferation and apoptosis under DN conditions (Xiao et al. 2013) . HG can upregulate the expression of Wnt proteins and activates Wnt/β-catenin signaling in tubular epithelial cells (Zhou et al. 2012) , and thus induces the expression of β-catenin target genes, including Snail and Twist (Liu 2010) . Our present studies have demonstrated that Wnt/β-catenin is activated in renal tissues of DN rats and in HG-induced NRK-52E cells. However, ADMSC transplantation ameliorates the activation of the Wnt/β-catenin signaling pathway. Knockdown of klotho via siRNA greatly reverses Wnt/β-catenin expression, which is consistent with an earlier study (Zhou et al. 2013 ). These results suggest that ADMSCs may suppress Wnt/β-catenin signaling through the upregulation of klotho expression in DN.
In summary, we have demonstrated that ADMSCs may ameliorate renal injury by promoting klotho expression and inhibiting the Wnt/β-catenin signaling pathway. Therefore, transplantation of ADMSCs may be a rational strategy for the treatment of DN.
